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METHODS AND COMPOSITIONS FOR TREATMENT OF HEPATITIS C 

INFECTION 

Background of the Invention 

Chronic hepatitis C is a world-wide epidemic. In the United States, an estimated 
four million people are infected with hepatitis C. In other countries, as much as 10 
percent or more of the population is affected. Hepatitis C is a major cause of cirrhosis of 
the liver and liver cancer. Liver cancer is a leading cause of cancer deaths world-wide. 
It is generally accepted that the best measure of cure of hepatitis C is the eradication of 
the virus in the infected person. Treatments that lead to normalization of liver enzymes, 
e.g., ALT (ALT levels are considered a reliable marker for disease activity) but that fail 
to eradicate the virus do not cure the disease, because when therapy is stopped, the liver 
enzymes will again become abnormal if the virus is still present in the blood. The 
standard of measurement of hepatitis C in the blood is the test for hepatitis C virus RNA 
by PCR (polymerase chain reaction). PCR assays have sufficient sensitivity to detect 
100 copies of virus per milliliter of blood. 

Current treatment for hepatitis C generally is with various amounts of interferon 
a, administered by injection, usually at a dose of about five million units, three times per 
week, for about six months in adults. This regimen has led to a cure rate (as measured by 
eradication of the virus) of only about 10-15%. There are several preliminary reports in 
the medical literature on small numbers of patients being treated with injections of 
interferon a and ribavirin (an oral nucleoside analog with broad spectrum activity 
against viruses) in combination for 6 months. The dose of ribavirin used in these studies 
is generally about 800-1200 mg per day. These preliminary reports indicate a cure rate 
of about 50% in six months. In addition, when treatment is likely to be curative in an 
individual patient, the liver enzymes will frequently normalize at about the 8th to the 
12th week of combination therapy. 

A preliminary abstract (AASLD Abstracts, Hepatology Oct. 1994, Program 
Issue, Vol 20, No. 4, Pt. 2 Abstract No. 293) reported on a treatment combination of 
interferon a and ofloxacin, a quinolone antibiotic, which resulted in the cure of six out 
of eight hepatitis C patients with subgroup lb with six months of therapy. 

Treatment of hepatitis C with amantadine hydrochloride alone has been reported 
(J.P. Smith et al. s "Treatment of Chronic Hepatitis C with Amantadine Hydrochloride", 
Abstract from Annual Meetings of the American Gastroenterological Association and 
AASLD (1996)) with only 30% of patients having complete response; 40% of patients 
experienced a partial response, and 30% were not responsive to treatment. 

One difficulty associated with interferon-based treatments for hepatitis C is the 
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high rate of undesirable side effects experienced by patients who receive interferon 
therapy. Interferon treatments are associated with fever, headache, fatigue and other 
"flu-like" symptoms in a significant number of patients receiving such treatments. The 
side effects can in some instances be severe, with the result that in some cases interferon 
therapy must be discontinued. 

An additional disadvantage of interferon therapy is the need for frequent 
injections of interferon (generally subcutaneous (SC) or intramuscular (IM)), which can 
result in discomfort to the patient and possibly decrease patient compliance with 
therapy. Also, interferon therapy can be quite expensive. 

New methods and compositions for the treatment of hepatitis C, with or without 
interferon, are needed. 

Summary of the Invention 

The present invention provides compositions and methods for treatment of 
hepatitis C infection. In general, the methods of the invention feature the use of a 
combination of drugs to treat chronic hepatitis C infection. In certain embodiments, the 
combination of drugs includes an interferon (such as interferon a), while in other 
embodiments, the combination of drugs does not include interferon (i.e., the 
combination of drugs is substantially interferon-free). 

In one aspect, the invention features a method for treating a subject suffering 
from hepatitis C infection. In one embodiment, the method includes the step of 
administering to the subject a therapeutically effective amount of a combination of at 
least two agents selected from the group consisting of nucleoside analogs, quinolone 
antibiotics, and amantadine anti-viral agents; or pharmaceutically-acceptable salts 
thereof. Thus, in certain embodiments, the method includes the step of administering a 
nucleoside analog and a quinolone antibiotic; or a nucleoside analog and an amantadine 
anti-viral agent; or a quinolone antibiotic and an amantadine anti-viral agent. In certain 
embodiments, the nucleoside analog is ribavirin. In certain embodiments, the quinolone 
antibiotic is selected from the group consisting of levofloxacin, ofloxacin and 
ciprofloxacin. In certain embodiments, the amantadine anti-viral agent is rimantadine. 
In certain embodiments, the method drug combination further includes an interferon, 
more preferably interferon a. In certain embodiments, the treatment is continued for at 
least about two months after the subject becomes PCR negative for hepatitis C virus. In 
preferred embodiments, the hepatitis C infection is cured, e.g., the hepatitis C virus is 
eradicated in the blood, e.g., as measured by PCR analysis. In preferred embodiments, 
interferon is not administered to the patient during the combination therapy. 

In certain preferred embodiments, the combination comprises a nucleoside 
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analog, a quinolone antibiotic, and an amantadine anti-viral agent. In certain preferred 
embodiments, the quinolone antibiotic is ofloxacin, levofloxacin or ciprofloxacin. In 
preferred embodiments, the amount of the nucleoside analog is 800-1200 mg per day; in 
more preferred embodiments, the nucleoside analog is administered in two or three 
divided doses each day. In preferred embodiments, the amount of quinolone antibiotic is 
400-800 mg per day; in certain preferred embodiments, the quinolone antibiotic is 
administered in two divided doses daily. In a preferred embodiment, the amantadine 
anti-viral agent is administered in an amount of about 100-400 mg per day, preferably in 
2 divided doses. In preferred embodiments, the subject is a mammal, more preferably a 
human. 

In a particularly preferred embodiment, the invention provides a method for 
treating a subject suffering from hepatitis C infection, the method comprising 
administering to the subject a therapeutically effective amount of a combination of 
ribavirin, ofloxacin, and rimantadine, or pharmaceutically-acceptable salts thereof, such 
that hepatitis C infection is treated. 

In still another aspect, the invention features a method for treating a subject 
suffering from hepatitis C infection by administering to the subject a therapeutically 
effective amount of a combination of an interferon, a nucleoside analog, and an agent 
selected from the group consisting of quinolone antibiotics and amantidine; or 
pharmaceutically acceptable salts thereof, such that hepatitis C infection is treated. In 
certain embodiments, the interferon is interferon a. In certain embodiments, the 
nucleoside analog is ribavirin. In certain embodiments, the third agent is a quinolone 
antibiotic; in certain preferred embodiments, the quinolone antibiotic is selected from 
the group consisting of ofloxacin and ciprofloxacin. In certain embodiments, the third 
agent is amantidine. In certain embodiments, the treatment is continued for at least 
about two months after the subject becomes PCR negative for hepatitis C virus. 

In another embodiment, the method comprises administering to the subject a 
therapeutically effective amount of a combination of an interferon, a nucleoside analog, 
and a quinolone antibiotic, such that the hepatitis C infection is treated. In preferred 
embodiments, the hepatitis C infection is cured, e.g., the hepatitis C virus is eradicated 
in the blood, e.g., as measured by PCR analysis. In certain preferred embodiments, the 
nucleoside analog is ribavirin. In certain preferred embodiments, the quinolone 
antibiotic is ofloxacin or ciprofloxacin. In preferred embodiments, the amount of 
interferon a is 6-15 million units per week. In preferred embodiments, the interferon a 
is administered in three divided doses. In preferred embodiments, the amount of the 
nucleoside analog is 800-1200 mg per day; in more preferred embodiments, the 
nucleoside analog is administered in two or three divided doses each day. In preferred 
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embodiments, the amount of quinolone antibiotic is 400-800 mg per day; in certain * 
preferred embodiments, the quinolone antibiotic is administered in two divided doses 
daily. In preferred embodiments, the subject is a mammal, more preferably a human. 

In a preferred embodiment, the invention provides a method for treating a subject 
suffering from hepatitis C infection, the method comprising administering to the subject 
a therapeutically effective amount of a combination of interferon a, ribavirin, and 
ofloxacin, such that hepatitis C infection is treated. 

In another aspect, the invention provides a method for treating a subject suffering 
from hepatitis C infection, the method comprising administering to the subject a 
therapeutically effective amount of a combination of an interferon, a nucleoside analog, 
and amantidine, such that hepatitis C infection is treated. In this embodiment, 
amantidine is preferably administered at a dose of about 100 mg to about 500 mg per 
day. In certain embodiments, a quinolone antibiotic can be employed in addition to the 
interferon, nucleoside analog, and amantidine. In preferred embodiments, the interferon 
is interferon a. In preferred embodiments, the nucleoside analog is ribavirin. In 
preferred embodiments, the treatment is continued for at least about two months, more 
preferably more than three months, after the subject becomes PCR negative for hepatitis 
C virus. 

In another aspect, the invention provides a composition comprising an interferon, 
a nucleoside analog, and a a third agent selected from the group consisting of quinolone 
antibiotics and amantidine; or pharmaceutical^ acceptable salts thereof. 

In another aspect, the invention provides a pharmaceutical composition 
comprising a therapeutically effective amount of a combination of an interferon, a 
nucleoside analog, and a third agent selected from the group consisting of quinolone 
antibiotics and amantidine; or pharmaceutically acceptable salts thereof; in a 
pharmaceutically acceptable carrier. 

In another aspect, the invention provides a kit comprising a container of a 
combination of an interferon, a nucleoside analog, and a third agent selected from the 
group consisting of quinolone antibiotics and amantidine; or pharmaceutically 
acceptable salts thereof; and instructions for administering a therapeutically effective 
amount of the combination of the interferon, the nucleoside analog, and amantidine to a 
subject suffering from hepatitis C infection such that treatment of hepatitis C occurs. 

In another aspect, the invention provides a composition comprising at least two 
agents selected from the group consisting of nucleoside analogs, quinolone antibiotics, 
and amantadine anti-viral agents; or pharmaceutically acceptable salts thereof. 

In another aspect, the invention provides a pharmaceutical composition 
comprising a therapeutically effective amount of a combination of at least two agents 
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selected from the group consisting of nucleoside analogs, quinolone antibiotics, and • 
adamantine anti-viral agents; or pharmaceutically acceptable salts thereof; in a 
pharmaceutically acceptable carrier. 

In another aspect, the invention provides a kit comprising a container of a 
combination of at least two agents selected from the group consisting of nucleoside 
analogs, quinolone antibiotics, and adamantine anti-viral agents; or pharmaceutically 
acceptable salts thereof; and instructions for administering a therapeutically effective 
amount of the combination of the agents to a subject suffering from hepatitis C infection 
such that treatment of hepatitis C occurs. 

Treatment according to the methods of the invention can result in rapid 
normalization of ALT levels, as well as nearly complete disappearance of the hepatitis C 
virus after only one month of treatment, and complete disappearance of the hepatitis C 
virus after thirteen weeks of treatment, as measured by quantitative PCR of viral RNA. 
The interferon-free treatment methods and compositions of the invention are generally 
less expensive than, and can be substantially as effective as, conventional interferon 
therapy. 

In still another aspect, the invention provides a method for treating a subject 
suffering from hepatitis C while maintaining hematocrit in the subject. The method 
includes the step of administering to the subject a therapeutically effective amount of a 
nucleoside analog and erythropoetin; or pharmaceutically-acceptable salts thereof, such 
that treatment of hepatitis C infection occurs while maintaining hematocrit in the 
subject. In certain embodiments, the erythropoetin comprises epoetin alfa, which can be 
administered to the patient in doses of about 5000 units SC about three times per week. 

Detailed Description of the Invention 

The methods of the invention generally feature the use of combination drug 
therapy for the treatment of hepatitis C. In one aspect, the combination therapy involves 
the use of at least two agents selected from the group consisting of nucleoside analogs, 
quinolone antibiotics, and amantadine anti-viral agents. The invention provides 
therapies which are less expensive than interferon therapy, are often better tolerated by 
patients than interferon, and have results comparable or superior to conventional 
interferon therapies. 

The term "interferon" is known in the art and refers to a family of proteins that 
modulate immune response and confer resistance to certain viral infections. The 
interferons include interferons a, p and y. Another preferred interferon is consensus 
interferon (available from Amgen, Thousand Oaks, CA). In preferred embodiments, the 
interferon used in methods of the invention is interferon a. However, other interferon 
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s(such as P or y) can be used in the inventive methods and compositions, provided that 
the interferon is active against hepatitis C (either alone or in combination with other 
drugs, e.g., as described herein). Activity against hepatitis C can be determined by in 
vitro or in vivo testing methods known in the art. 

The term "nucleoside analog" is a term of art and refers to drugs which are 
analogs or derivatives of naturally-occurring nucleosides. In preferred embodiments, the 
nucleoside analog has anti-viral properties (e.g., against hepatitis C) without significant 
toxicity to a subject (e.g., a human) at therapeutically effective doses. In preferred 
embodiments, the nucleoside analog is ribavirin. However, other nucleoside analogs 
such as lamivudine (which has been shown to be active against hepatitis B), vidarabine, 
ganciclovir, and the like, can be employed in the current invention. 

The term "quinolone antibiotic" is known in the art and refers to antibiotic drugs 
having the quinolone nucleus. Representative quinolone antibiotics include e.g., 
ofloxacin, levofloxacin, ciprofloxacin, norfloxacin, and the like. In preferred 
embodiments, the quinolone antibiotic is levofloxacin, ofloxacin or ciprofloxacin. In a 
most preferred embodiment, the quinolone antibiotic is ofloxacin. 

The term "amantadine anti-viral agent," as used herein refers to an anti-viral 
agent structurally related to amantadine, including derivatives, analogs, and salts of 
amantadine. Preferred amantadine anti-viral agents include amantadine and 
rimantadine. 

The phrase "therapeutically-effective amount" as used herein means that amount 
of a drug, material, combination or composition of the invention which is effective for 
producing some desired therapeutic effect upon administration to a subject, e.g., 
treatment of hepatitis C infection, including, e.g., normalization of liver enzymes and/or 
reduction of or eradication of viral RNA in blood. 

The choice of appropriate dosages for the drugs used in combination therapy 
according to the invention can be determined and optimized by the skilled artisan, e.g., 
by observation of the patient, including the patient's overall health, the response to the 
combination therapy, and the like. A preferred dose for ribavirin is between about 400 
mg-2000 mg daily. A preferred dose for lamivudine is from about 5 to about 1000 mg 
per day. A preferred dose for ofloxacin is from about 100 to about 1000 mg per day. A 
preferred dose for other quinolone antibiotics is generally in the range from about 100 to 
about 2000 mg per day. A preferred dose for amantadine is about 100-500 mg per day. 
In embodiments in which interferon is employed, preferred dose ranges for adults for 
interferon a (or other interferons) are between about 2 million units weekly and 70 
million units weekly injected subcutaneously (SC) or intramuscularly (IM), given either 
daily or 1-6 times per week. 
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In one aspect, the invention provides a method for treating a subject suffering 
from hepatitis C infection, the method comprising administering to the subject a 
therapeutically effective amount of a combination of at least two agents selected from 
the group consisting of nucleoside analogs, quinolone antibiotics, and amantadine anti- 
viral agents (i.e., at least one agent from two or more of the three classes of agents). In 
certain embodiments, amantadine is preferably administered at a dose of about 100 mg 
to about 500 mg per day, more preferably about 200 mg per day, preferably in two doses 
of 100 mg each. The amantadine can be administered in any of the forms, or by routes 
of administration, known in the art. Other amantadine analogs or derivatives (e.g., 
rimantadine) can be employed in combination with or in place of amantadine, if desired. 
In a particularly preferred embodiment, the method includes the step of administering to 
the subject a therapeutically effective amount of a combination of a nucleoside analog, a 
quinolone antibiotic, and an amantadine anti-viral agent. Thus, the invention 
contemplates the use of a combination of a nucleoside analog such as ribavirin, 
amantadine, and a quinolone antibiotic such as ofloxacin. In preferred embodiments, the 
invention contemplates the use of a combination of a nucleoside analog, an amantadine 
anti-viral agent, and a quinolone antibiotic, without the use of an interferon. 

In another aspect, the combination therapy involves the use of an interferon, a 
nucleoside analog, and a third agent selected from the group consisting of quinolone 
antibiotics and amantidine. 

In one embodiment, the invention provides a method for treating a subject 
suffering from hepatitis C infection, the method comprising administering to the subject 
a therapeutically effective amount of a combination of an interferon, a nucleoside 
analog, and amantidine. In this embodiment, amantidine is preferably administered at a 
dose of about 100 mg to about 500 mg per day, more preferably about 200 mg per day, 
preferably in two doses of 100 mg each. The amantidine can be administered in any of 
the forms, or by routes of administration, known in the art. Other amantidine analogs or 
derivatives (e.g., rimantidine) can be employed in combination with or in place of 
amantidine, if desired. In certain embodiments, a quinolone antibiotic can be employed 
in addition to the interferon, nucleoside analog, and amantidine. Thus, the invention 
contemplates the use of a combination of an interferon, a nucleoside analog, amantidine, 
and a quinolone antibiotic. 

It will be understood by the skilled artisan that the therapeutic agents described 
herein can be administered separately, or, if appropriate, can be administered together, 
e.g., by injection of a solution which includes a therapeutically effective amount of a 
combination or composition as described herein, or administration of a pill which 
includes a drug combination as described herein; or pharmaceutical^ acceptable salts 
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thereof. A preferred route of administration is oral administration, preferably oral 
administration of a tablet, pill, capsule, or other suitable dosage form which includes a 
combination of drugs as described herein, e.g., a pill which includes both ribavirin and 
amantidine. 

In general, the drugs should be administered initially one at a time for the first 
few days of therapy until it is determined that the patient is tolerating each drug before 
the next drug is added. The order in which the drugs are administered is not crucial; 
however, all drugs can, in preferred embodiments, be given together as soon as possible 
to prevent the hepatitis C virus from developing resistance to any part of the therapy. In 
certain embodiments in which interferon is employed, an interferon can be given alone 
for a time, e.g., 4 weeks, before the other drugs were started. For example a 
combination of the interferon and the nucleoside analog (e.g., ribavirin) can be 
administered for a period of time (e.g., from about 1 week to about 3 months, more 
preferably about 1 month to about two months) before the addition of the quinolone 
antibiotic or amantidine. In certain embodiments, a combination of a nucleoside analog 
(e.g., ribavirin) and an amantadine anti-viral agent (e.g., amantadine or rimantadine) can 
be administered for a period of time (e.g., from about 1 week to about 3 months, more 
preferably about 1 month to about two months) before the addition of a quinolone 
antibiotic. Use of these modified dosages regimen can permit the liver enzymes to 
remain at or near normal levels before administration of, e.g., amantadine. In certain 
embodiments, the invention features the combination administration of a nucleoside 
analog, a quinolone antibiotic, and an amantadine anti-viral agent for a period of up to 9 
months, more preferably 12 months, or until the viral PGR test becomes negative 
(preferably until at least three months after the PCR becomes negative). In certain 
embodiments, the invention features the simultaneous administration of an interferon, a 
nucleoside analog, and a quinolone antibiotic for a period of up to 9 months, or until the 
viral PCR test becomes negative. In other embodiments, the invention features the 
simultaneous administration of an interferon, a nucleoside analog, and amantidine for a 
period of up to 9 months, or until the viral PCR test becomes negative. 

The combination therapy of the invention will generally be administered until the 
viral PCR test becomes negative. In preferred embodiments, the combination therapy is 
administered for at least 2 weeks, more preferably at least 4 weeks, more preferably at 
least 2 months, most preferably for at least three months. In general, the therapy should 
be continued for a period of time after PCR assays indicate disappearance of the virus 
from blood (a negative PCR assay), to ensure that the virus has been eradicated from the 
body and will not return when therapy is discontinued. In preferred embodiments, the 
therapy is continued for at least one month after a negative PCR assay, more preferably 
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at least about two months, at least about three months, at least about four months, or at 
least about eight months after negative PCR assay. However, in preferred embodiments, 
the combination therapy is administered for a period of no more than six months, in 
more preferred embodiments, for a period of no more than four months, after a negative 
PCR assay. The length of time the therapy should be continued after negative PCR 
assay can depend, at least in part, on the health of the subject, the tolerance of the 
subject for the combination therapy, the strain of hepatitis C virus being treated, and the 
like. 

Several other techniques can be used to facilitate a rapid cure. It has been 
reported that interferon a is most effective when the liver iron stores are minimized. 
Therefore, if the serum ferretin level (normal 10-200 ng/ml) is elevated or even if it is in 
the high normal range, phlebotomy can be performed to reduce the pre-treatment ferretin 
level, e.g., to less than 150ng/ml or less than 50ng/ml. 

The addition of vitamins and antioxidant vitamins to the treatment regimen can 
also be beneficial, since there is evidence that certain vitamins can help the body to fight 
infections and viral infections. In general, the administration of a multivitamin and 
mineral preparation with beta carotene (about 10,000 units), vitamin C 300-2000 mg, 
vitamin E 200-2000 units, and one B-complex 100 with folic acid, is contemplated for 
use with the combination therapy of the invention. However, as noted above, in certain 
embodiments it is preferred that liver iron stored be minimized; thus, in a preferred 
embodiment, a multivitamin and mineral preparation should contain no iron. Patients 
can also be treated with phlebotomy, if necessary, either prior to or during drug therapy 
to reduce ferritin levels to less than 150 ng/ml. 

The invention also contemplates the use of additional agents to counter the side 
effects of the combination therapy drugs used to eradicate the virus. The use of GCSF 
(granulocyte colony stimulating factor) in various doses to raise the white blood cell 
(WBC) or neutrophil counts has been reported. It is also known that treatment with 
interferon a can cause the neutrophil count to drop below about 1000 cells/mcl. Thus, 
in a preferred embodiment, the neutrophil count is maintained in the range of 1000-4000 
cells/mcl by the use of GCSF injections. A typical dose of GCSF can be about 300 meg 
SC, preferably about 6-10 hours before each interferon a injection. GCSF is preferably 
administered before the interferon a because interferon a is believe to work, at least in 
part, by increasing the activity of the white blood cells in fighting viral infection. By 
giving the GCSF before the interferon a, more white blood cells can be circulating to be 
activated by the interferon a. If GCSF prior to interferon therapy causes an increase in 
fevers, headaches, flu-like symptoms, that are common to interferon therapy, then the 
dose of interferon should be reduced to about 2.5-3 million units SC three times per 
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week, and the GCSF discontinued. The WBC and neutrophil counts should improve 
toward normal with reduction of the interferon dose even without GCSF. Platelet' counts 
are preferably kept above 100,000/mcl by reducing the interferon dose if GCSF fails to 
improve the platelet count. The dose of GCSF can be adjusted to maintain normal 
neutrophil counts. 

The invention further contemplates the use of epoetin alfa (erythropoetin) in 
conjunction with the combination therapy for treatment of hepatitis C infection. One of 
the side effects of the administration of ribavirin is a reversible hemolytic anemia. It has 
been reported that, in the use of ribavirin to treat hepatitis C infection, the dose of 
ribavirin has had to be reduced or eliminated due to hemolytic anemia. For example, in 
treatment of the patient described in Example 1, infra, the dose of ribavirin was reduced 
for about a week to 800 mg/day (from a full dose of 1200 mg/day) due to a sudden drop 
in the hematocrit from about 37 to 27. The drop in hematocrit was treated by the 
addition of epoetin alfa, about 5000 units SC three times per week (later reduced to one 
or two times per week). The patient was subsequently able to resume the full dose of 
ribavirin and the hematocrit returned to and stabilized in the mid 30's. Thus, the 
invention provides a method for treating a subject suffering from hepatitis C while 
maintaining hematocrit in the subject. The method includes the step of administering to 
the subject a therapeutically effective amount of a nucleoside analog and erythropoetin; 
or pharmaceutically-acceptable salts thereof, such that treatment of hepatitis C infection 
occurs while maintaining hematocrit in the subject. In certain embodiments, a drop in 
hematocrit due to ribavirin-induced reversible hemolytic anemia can be treated by the 
addition of epoetin alfa, about 5000 units SC three times per week. 

Other agents can be used in conjunction with the combination therapy of the 
invention. For example, analgesics such as acetaminophen may be used to treat 
headaches that can also be a side effect of some of the medications. In embodiments in 
which interferon is employed, antidepressants may be needed to offset the depression 
which is known to complicate interferon a therapy. 

As will be apparent to the skilled artisan, careful monitoring of the patient is 
needed to monitor the hematocrit (e.g., for sudden drops that may be caused by 
ribavirin). Liver enzymes and chemistry profile as well as CBC (complete blood count) 
with WBC differential (to monitor platelet, neutrophil and WBC counts) should 
preferably be performed initially and weekly for about the first 6 weeks of therapy, then, 
if stable, for every 2 weeks thereafter. Hepatitis C viral RNA by PCR, quantitative, is 
preferably performed at the start of therapy and about monthly thereafter. Therapy can 
be discontinued when the PCR test is negative, although, as described above, it is 
generally preferable to continue therapy even after a negative PCR assay, to ensure the 
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eradication of the virus from the patient's body. The patient should also be monitored 
weekly by history and physical to watch for signs of depression, compliance with 
treatment regimen, signs of allergies, and the like. The patient should be told to call the 
doctor at the first signs of itchiness or a rash since quinolones can cause serious allergic 
reactions. If a rash appears, the quinolone is preferably discontinued immediately and 
antihistamines given. Other therapeutic agents (e.g., interferons, nucleoside analogs or 
adamantine anti-viral agents) can be continued as long as the rash resolves upon 
discontinuance of the quinolone and use of the antihistamine. 

Treatment should be continued at least until the hepatitis C viral RNA by PCR is 
negative. If a serious side effect occurs which cannot be tolerated or effectively 
controlled, the treatment should generally be stopped. Treatment can be continued for up 
to nine months or up to twelve months, if necessary. 

In another aspect, the invention provides compositions useful for the treatment of 
hepatitis C. In general, the compositions include at least two agents selected from the 
group consisting of nucleoside analogs, quinolone antibiotics, and adamantine anti-viral 
agents. In a preferred embodiment, the composition is substantially free of interferon. 
In one embodiment, the invention provides a composition comprising a nucleoside 
analog, a quinolone antibiotic, and an adamantine anti-viral agent; or pharmaceutical^ 
acceptable salts thereof. In another embodiment, the composition comprises a 
nucleoside analog and a quinolone antibiotic; or pharmaceutical^ acceptable salts 
thereof. In another embodiment, the invention provides a nucleoside analog, and an 
adamantine anti-viral agent, or pharmaceutically acceptable salts thereof. In yet another 
embodiment, the invention provides a quinolone antibiotic, and an adamantine anti-viral 
agent, or pharmaceutically acceptable salts thereof. 

In other embodiments, a composition of the invention can comprise an 
interferon, a nucleoside analog, and a third agent selected from the group consisting of 
quinolone antibiotics and amantidine; or pharmaceutically acceptable salts thereof In 
one embodiment, the composition comprises an interferon, a nucleoside analog, and a 
quinolone antibiotic; or pharmaceutically acceptable salts thereof. In another 
embodiment, the invention provides a composition comprising an interferon, a 
nucleoside analog, and amantidine, or pharmaceutically acceptable salts thereof. In 
preferred embodiments, the amounts of the respective drug components are selected 
such that the composition is effective for treatment of a patient suffering from hepatitis 
C infection. 

In preferred embodiments, the amounts of the respective drug components are 
selected such that the composition is effective for treatment of a patient suffering from 
hepatitis C infection. The compositions of the invention can in addition include such 
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other therapeutic agents as are described herein. 

In another embodiment, the invention provides (preferably non-toxic) 
pharmaceutical compositions for treating a patient suffering from hepatitis C infection. 
In general, the pharmaceutical compositions include at least two agents selected from the 
group consisting of nucleoside analogs, quinolone antibiotics, and adamantine anti-viral 
agents. In a preferred embodiment, the pharmaceutical composition is substantially free 
of interferon. In one embodiment, the pharmaceutical composition comprises a 
therapeutically effective amount of a combination of a nucleoside analog, a quinolone 
antibiotic, and an adamantine anti-viral agent; or pharmaceutically acceptable salts 
thereof; in a pharmaceutically acceptable solvent. In another embodiment, the 
pharmaceutical composition comprises a therapeutically effective amount of a 
combination of a nucleoside analog and a quinolone antibiotic, or pharmaceutically 
acceptable salts thereof, in a pharmaceutically acceptable carrier. In another 
embodiment, the pharmaceutical composition comprises a therapeutically effective 
amount of a combination of a nucleoside analog, and an adamantine anti-viral agent, or 
pharmaceutically acceptable salts thereof, in a pharmaceutically acceptable carrier. In 
yet another embodiment, the pharmaceutical composition comprises a therapeutically 
effective amount of a combination of a quinolone antibiotic and an adamantine anti-viral 
agent, or pharmaceutically acceptable salts thereof, in a pharmaceutically acceptable 
carrier. 

In other embodiments, the pharmaceutical composition of the invention 
comprises a therapeutically effective amount of a combination of an interferon, a 
nucleoside analog, and a third agent selected from the group consisting of quinolone 
antibiotics and amantidine; or pharmaceutically acceptable salts thereof; in a 
pharmaceutically acceptable solvent. In one embodiment, the pharmaceutical 
composition comprises a therapeutically effective amount of a combination of an 
interferon, a nucleoside analog, and amantidine, or pharmaceutically acceptable salts 
thereof, in a pharmaceutically acceptable carrier. In another embodiment, the 
pharmaceutical composition comprises a therapeutically effective amount of a 
combination of an interferon, a nucleoside analog, and a quinolone antibiotic, or 
pharmaceutically acceptable salts thereof, in a pharmaceutically acceptable carrier. 

The pharmaceutical compositions of the invention can further include solvents, 
excipients, diluents, flavorings, and other additives such as conventional in formulation 
of pharmaceuticals. The invention contemplates the use of oral dosage forms such as 
tablets, and other solid dosage forms of the pharmaceutical compositions of the present 
invention, such as dragees, capsules, pills and granules, optionally scored or prepared 
with coatings and shells, such as enteric coatings and other coatings well known in the 
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pharmaceutical-formulating art- 

In still another aspect, the invention provides kits for treatment of hepatitis C 
infection. In some embodiments, the kit is substantially free of interferon. In one 
embodiment, the kits include a container including a combination of for at least two 
agents selected from the group consisting of nucleoside analogs, quinolone antibiotics, 
and adamantine anti-viral agents. In another embodiment, the kit of the invention 
comprises a container of a nucleoside analog, a container of a quinolone antibiotic, and a 
container of an adamantine anti-viral agent; or pharmaceutically acceptable salts thereof, 
and instructions for administering a therapeutically effective amount of a combination of 
the nucleoside analog, the quinolone antibiotic, and the adamantine anti-viral agent to a 
subject suffering from hepatitis C infection such that treatment of hepatitis C occurs. In 
another embodiment, the kit comprises a container of a nucleoside analog, and a 
container of an adamantine anti-viral agent, or pharmaceutically acceptable salts thereof, 
and instructions for administering a therapeutically effective amount of a combination of 
the nucleoside analog, and the adamantine anti-viral agent to a subject suffering from 
hepatitis C infection such that treatment of hepatitis C occurs. In another embodiment, 
the kit comprises a container of a combination of a nucleoside analog and a container of 
a quinolone antibiotic, or pharmaceutically acceptable salts thereof, and instructions for 
administering a therapeutically effective amount of a combination of the nucleoside 
analog and the quinolone antibiotic to a subject suffering from hepatitis C infection such 
that treatment of hepatitis C occurs. In another embodiment, the kit comprises a 
container of a quinolone antibiotic, a container of an amantadine anti-viral agent, or 
pharmaceutically acceptable salts thereof, and instructions for administering a 
therapeutically effective amount of a combination of the quinolone antibiotic, and the 
amantadine anti- viral agent to a subject suffering from hepatitis C infection such that 
treatment of hepatitis C occurs. 

In other embodiments, the kits of the invention comprise an interferon, a 
nucleoside analog, and a third agent selected from the group consisting of quinolone 
antibiotics and an amantidine anti-viral agent; or pharmaceutically acceptable salts 
thereof In one embodiment, the kit comprises a container of an interferon, a container 
of a nucleoside analog, a container of a quinolone antibiotic, or pharmaceutically 
acceptable salts thereof, and instructions for administering a therapeutically effective 
amount of a combination of the interferon, the nucleoside analog, and the quinolone 
antibiotic to a subject suffering from hepatitis C infection such that treatment of hepatitis 
C occurs. In another embodiment, the kit comprises a container of a combination of an 
interferon, a nucleoside analog, and a quinolone antibiotic, or pharmaceutically 
acceptable salts thereof, and instructions for administering a therapeutically effective 
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amount of the combination of the interferon, the nucleoside analog, and the quinolone 
antibiotic to a subject suffering from hepatitis C infection such that treatment of hepatitis 
C occurs. In another embodiment, the kit comprises a container of an interferon, a 
container of a nucleoside analog, a container of amantidine, or pharmaceutically 
acceptable salts thereof, and instructions for administering a therapeutically effective 
amount of a combination of the interferon, the nucleoside analog, and amantidine to a 
subject suffering from hepatitis C infection such that treatment of hepatitis C occurs. In 
another embodiment, the kit comprises a container of a combination of an interferon, a 
nucleoside analog, and amantidine, or pharmaceutically acceptable salts thereof, and 
instructions for administering a therapeutically effective amount of the combination of 
the interferon, the nucleoside analog, and amantidine to a subject suffering from 
hepatitis C infection such that treatment of hepatitis C occurs. 

In still another embodiment, the invention provides a method for treating a 
subject suffering from hepatitis C while maintaining hematocrit in the subject,. The 
method includes the step of administering to the subject a therapeutically effective 
amount of a nucleoside analog and erythropoetin; or pharmaceutically-acceptable salts 
thereof, such that treatment of hepatitis C infection occurs while maintaining hematocrit 
in the subject. 

Example 1 

A 40-year-old woman suffering from hepatitis C infection was treated with 
interferon a, ribavirin, and ofloxacin combination therapy according to the invention. A 
quantitative PCR blood test (Specialty Laboratories, Santa Monica, CA) performed 
before the start of therapy showed the presence of hepatitis C viral RNA at 7.9 pg/ml, 
indicating hepatitis C infection. The doses of drugs were as follows: interferon a, 5 
million units three times per week; ribavirin, 1200 mg per day (in two divided doses); 
and ofloxacin, 600 mg per day (in two divided doses). After 2 weeks, a skin rash 
developed, and ofloxacin was discontinued. Ciprofloxacin (1000 mg per day in two 
divided doses) was substituted for the ofloxacin at 1 1 weeks of therapy. After 3 weeks, 
the hematocrit dropped from 37 to 27, and the dose of ribavirin was reduced to 800 mg 
per day. Erythropoetin therapy was begun (5000 units SC three times per week), with 
the result that the hematocrit returned to a stable level (33) after two weeks. The 
ribavirin dose was then returned to 1200 mg per day. At week 10 of treatment, the 
interferon a dose was reduced to 2.5 million units three times per week. 

After five weeks of therapy, the quantitative PCR test indicated a viral RNA 
level of less than 0.5 pg/ml, although the presence of viral RNA was noted. After 1 3 
weeks of therapy, the quantitative PCR test indicated that no hepatitis C viral RNA was 
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present in the blood. 

In addition to the patient described above, four other patients have been treated 
with the combination therapy of the invention (in which interferon a and ribavirin were 
together administered for one to two months before addition of ofloxacin to the 
treatment regime), and all four patients became PCR negative for the hepatitis C virus. 

Example 2 

Five patients suffering from hepatitis C infection (Type lb) were treated with the 
following regimen: interferon a, 3-5 million units SC, three times per week; ribavirin, 
800-1200 mg per day orally; levofloxacin, 500 mg per day orally; and amantidine, 200 
mg per day orally. All five patients achieved normal liver enzyme levels. Three of the 
five patients became PCR negative after less than six months of treatment and appeared 
to be cured. 

Six patients infected with non-Type lb hepatitis C were treated with the same 
four-drug combination (interferon a, ribavirin, levofloxacin, and amantidine). After five 
months of treatment, all six patients had normal liver enzymes and were PCR negative. 

Example 3 

A 46-year-old man suffering from hepatitis C infection (Type IB) was treated 
with a combination therapy according to the invention. The patient had previously 
received an interferon-based combination therapy, but had experienced only partial 
response, as indicated by persistence of virus in the blood. The patient's viral count at 
the start of the interferon-based therapy was greater than 5,000,000 copies/ml. The 
patient initially received treatment with interferon a; ribavirin and ofloxacin. A 
quantitative PCR blood test (NGI, Culver City, CA) performed after five months of the 
interferon-based therapy showed the presence of hepatitis C viral RNA at a level of 
4,600,000 copies/ml, indicating that hepatitis C infection persisted. In addition, during 
the interferon therapy the patient had experienced side effects believed due to interferon, 
including depression, headaches, fever, and chills. 

Interferon therapy was discontinued and the patient was treated with an 
interferon-free combination of drugs according to the present invention. The doses of 
drugs were as follows: ribavirin, 1200 mg per day (in three 400 mg doses); ofloxacin, 
600 mg per day (in two 300 mg doses); and rimantadine, 200 mg per day (in two 100 mg 
doses). All drugs were administered orally. Lopid (gemfibrozil, 600 mg twice daily) 
was administered to lower the patient's high (1000 mg/dl) serum triglyceride level. 

After 2 weeks of the interferon-free combination therapy, the level of hepatitis C 
RNA in the blood had fallen to 700,000 copies/ml, a reduction of over 80%. In addition, 
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the ALT levels fell from 26 U/L to 1 8 U/L. The patient tolerated the interferon-free 
combination therapy better than the previous interferon therapy, as indicated by a 
decrease in liver enzymes, headaches, fever, chills, and depression. 

An additional patient were treated with the three-drug interferon-free regimen 
described above. This patient (suffering from Type lb infection) and showed an initial 
response to the interferon-free three-drug therapy, including normalization of liver 
enzymes and decline in viral titer. Subsequently, interferon a was added to the therapy 
for this patient after about two months, with the result that he became PCR negative. 

Example 4 

A 43 year old white male suffering from hepatitis infection was treated with an 
interferon-free combination therapy of the invention. The patient had not previously 
received any interferon-based therapy. Treatment was begun with ribavirin, 1200 mg 
per day (in three 400 mg doses); levofloxacin, 500 mg per day; and rimantadine, 200 mg 
per day (in two 100 mg doses). After one month of treatment, the patient's ALT levels 
had normalized and PCR assays showed a marked suppression of hepatitis C virus in the 
blood, which was maintained at three months. 

Thus, the interferon-free therapies of the invention can provide excellent 
response, even in patients suffering from infection by relatively refractory viral strains 
(such as Type IB). 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, numerous equivalents to the specific procedures described 
herein. Such equivalents are considered to be within the scope of this invention and are 
covered by the following claims. 

The contents of all references cited herein are hereby incorporated by reference. 

Other embodiments are within the following claims. 

What is claimed is: 
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1 . A method for treating a subject suffering from hepatitis C infection, the method 
comprising the step of administering to the subject a therapeutically effective amount of 
at least two compounds selected from the group consisting of nucleoside analogs, 
quinolone antibiotics, and amantadine anti-viral agents; or pharmaceutically-acceptable 
salts thereof, such that treatment of hepatitis C infection occurs. 

2. The method of claim 1 , wherein the method comprises administering to the 
subject a nucleoside analog, a quinolone antibiotic, and an amantadine anti- viral agent. 

3 . The method of claim 2, wherein the nucleoside analog is ribavirin. 

4. The method of claim 2, wherein the quinolone antibiotic is selected from the 
group consisting of ofloxacin, ciprofloxacin and levofloxacin. 

5. The method of claim 2, wherein the amantadine anti -viral agent is rimantadine. 

6. The method of claim 1, wherein the treatment is continued for at least about two 
months after the subject becomes PCR negative for hepatitis C virus. 

7. The method of claim 1, wherein the at least two compounds are substantially free 
of interferon. 

8. The method of claim 1 , wherein the method further comprises administering an 
interferon to the subject. 

9. The method of claim 8, wherein the interferon is interferon a or consensus 
interferon. 

10. A method for treating a subject suffering from hepatitis C infection, the method 
comprising administering to the subject a therapeutically effective amount of a 
composition comprising ribavirin, ofloxacin, and rimantadine, or pharmaceutically- 
acceptable salts thereof, such that hepatitis C infection is treated. 

1 1 . The method of claim 1 0, wherein the combination of ribavirin, ofloxacin, and 
rimantadine is substantially free of interferon. 
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12. The method of claim 10, wherein the composition further comprises interferon a. 

13. A composition comprising at least two compounds selected from the group 
consisting of nucleoside analogs, quinolone antibiotics, and amantadine anti-viral 
agents; or pharmaceutical^ acceptable salts thereof, wherein the composition is 
substantially free of interferon. 

14. A pharmaceutical composition comprising a therapeutically effective amount of 
at least two compounds selected from the group consisting of nucleoside analogs, 
quinolone antibiotics, and amantadine anti-viral agents; or pharmaceutical^ acceptable 
salts thereof; in a pharmaceutically acceptable carrier; 

wherein the pharmaceutical composition is substantially free of interferon. 

15. A kit comprising a container of a composition comprising at least two 
compounds selected from the group consisting of nucleoside analogs, quinolone 
antibiotics, and amantadine anti-viral agents; or pharmaceutically acceptable salts 
thereof; and instructions for administering a therapeutically effective amount of the 
composition to a subject suffering from hepatitis C infection such that treatment of 
hepatitis C occurs; 

wherein the composition is substantially free of interferon. 

16. A composition comprising an interferon, a nucleoside analog, and an agent 
selected from the group consisting of quinolone antibiotics and amantidine; or 
pharmaceutically acceptable salts thereof. 

17. The composition of claim 16, wherein the agent is a quinolone antibiotic. 

1 8. The composition of claim 16, wherein the agent is amantidine. 

1 9. A pharmaceutical composition comprising a therapeutically effective amount of 
a combination of an interferon, a nucleoside analog, and an agent select from the group 
consisting of quinolone antibiotics and amantidine; or pharmaceutically acceptable salts 
thereof, in a pharmaceutically acceptable carrier. 

20. A kit comprising a container of a combination of an interferon, a nucleoside 
analog, and an agent selected from the group consisting of quinolone antibiotics and 
amantidine; or pharmaceutically acceptable salts thereof; and instructions for 
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administering a therapeutically effective amount of the combination to a subject 
suffering from hepatitis C infection such that treatment of hepatitis C occurs. 

21. A method for treating a subject suffering from hepatitis C while maintaining 
hematocrit in the subject, the method comprising the step of administering to the subject 
a therapeutically effective amount of a nucleoside analog and erythropoetin; or 
pharmaceutically-acceptable salts thereof, such that treatment of hepatitis C infection 
occurs while maintaining hematocrit in the subject. 
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